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•ABSTRACT 

Nine predictor measures sivailable from student files 
vere used in classifying seventh- and eighth-grade students in 
"mathejiatics classes into one of three or four levels of instruction 
in 'the following year. These measures were scores on tests of 
language* intell^-gence , nonlanguage intelligence, general 
intelligence, reading vocabulary, reading compreHensioti^ arithmetic 
concept?, arithmetic applications, and ^teacher recommendation. At the 
end of the jeat, teachers were asked to judge the, appropriateness of 
students placement. The sample consisted of- 505 students fr6m a large 
suburban junior high school in the .southeast. A quadratic - 
multivariate classification rule was used for both internal Und 
external analyses. I5.ternal discriminatory power was high; external 
power dropped fox* aci;osa-groups classification* but not appreciably 
for ^ioparate large groups. One predictor measure,\ba^^d^ on teacher 
recommendation, proved to be about as accurate, as all nine, in ah ^ 
external sense. (Author/SD) 
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Ab& tract 

■ Nine predictor measures were used in ^lassifying seventh and eighth 
grade students in mathematics classes into one of three or four levels 
Qf instruction in the following year. The sample consisted of 505 stu-, 
dents from a large -suburban junior high scliool in the southeast/ A 
qua4ratic multivariate classif lcati8rf rule was used for both internal 
and external analyses. Interna,! ^discriminatory power was hj.gh:' external 
power dropped for across-^'oups classification but not appreciably for 
separate large groups, /ne predictor measure, based on teacher Recom- 
mendation, proved to be about as accurate as all nine, in' an external 
sense* 



Using Discriminant Analysis in the Homogene^^J^rouping of lUgh School 

Mathematics Students ^ 

In the practice of ability (or homogeneous) grouping, placement of . 
students at different level's- of Instfuction has typically been accomplished 
on the basis of three available measures, either singly or in combinatioji. 
These are measures of achievement, meas;ures of aptitude (generally^intelli- 
gence test scores), and teacher recommendations. KSee Findley, 1973 , and 
Wick & Beggs, 1971, for elaboration.) If these measures. are used in com- 
bination, traditional practice has been to base the weights for the measure 
on subjective judgment. 

The purpose of this paper was to develop a formal quantitative method 
of determining differential weight;s of some typically available measures 
for assigning seventh and eigtith^rade mathematics students to one of four 
levels of instruction in the succeeding grades. Real data were used to . 
assess the effectiveness of the method. , , ^ 

Method 

Subjects - : 

The children considered in this study attended a large junior high 
in a suburb of Athens, Georgia. Four classes of students were used^ 
Class I compl-eted seventh c^ade mathematics in the spring of 1970 and 
continued in eighth grade mathematics during the 1970-71 school year, 
\his class had a total of 160 children (72 boys anA 88 girls) of which 
134 were white. " Class II completed eighth grade mathematics in the 
spring of 1970 and continued in ninth grade mathematics during the 1970- 
71 school year. This class had a total of 09 children (36 boys and 5'3 



girls) of v/hich 83 were whice. Class III completed seventh grade mathe- , 
..matics in the spring of 1971 and continued in eighth ,grade malhematics 
during the 1971-72 school year. This class had a total of lijj children 
(62 boys ancy75 girls) of which 111 were white. Class IV coi|pleted eighth 

grade mathematics in the spring of 1971 and continued in niijth grade 

^ i 

mathematics during the 1971-72 school year. This class had a total of 134 

children (47 boys and 87 girls) of which 89 were white. ' 

Variables 

Prior to the collection of data, potential predictors of membership 
in one of the four levels of mathematics instruction were specified. Mea- 
sures on the following variables were available from student files: lang- 
uage intelligence (LIQ) 5. nonlanguage intelligence (^TLIQ) , general intelli- 
gence (GIQ) , reading vocabulary (ACOM) , arithmetic concepts (ACPT) , and 
arithmetic Application (AAPP) . Intelligence measures were based on the 
California Test fe;>fj Mental Maturity . The achievement tests used were the 
, Comprehgtisive Tests of Basic Skills . At the end of the school year (spring 
1970 for classes I and 11, and spring 1971. for classes III and IV) dach 
seventh and eighth grade teacher x^as asked to make a recommendation, based 
on her insight into the mathematical talents of ^ath of her students^ on 
the level of mathematics instruction that each student ought to receive 
the following school year. Their response became the measure of the place^ 
ment variable (PLCM) . this gave a total of nine predictors: PLQl, LIQ, 
IJLIQ, GIQ,' RVCB, RCOII^ ACOM, ACPT/and AAPP. * • - 

At the end of the following school year (spring 1971 for classes ,1 
aiiij^. II, and spring 1972 for classes III and IV), each student's eighth or 



ninth grade teacher was asked to make a judgment regarding the appropriate- 
ness fbr the student of the level of course) instruction in mathematics* which 

"* 

he had pursued during the year just ending. This judgment was mad^ by 

h 

taking into account all of the experi^ces accumulated as a result of work- 
ing with the students during the year. Four recommended levels ^of instruc- 
tion determined the criterion groups where level I was the lowest level. 
Data Analyses 

There were only seven 'children In the second level o/ instruction 

" / ■ 

for class II and only eight in the fourth level for class III. Since subse- 
quent analyses required that the number of subjects in each level be at 
least* one more than the number* of predictors (nine), these 15 children 
were excluded from further consideration. 

It was decided that four sjets of analyses, one for each class x^ould be 
carried *out. Preliminary univariate analyses of variance with either three 
or four groups were conducted to* identify measures which would not show 
any promise bf contributing (F<1.00) to multivari^ite sepatatiqn of the 
groups corresponding to the four levels of instruction. Univariate F 
values for all nine measures for the four classes were all greater than 
6.B7] hence all nine meas\ires were retained for the final analyses. 

Assuming multivarate normality of the nine predictor measures in 
■the four populations, the condition of equal pop.ulation covariance ma- 
trices was assessed via both a chi-square and an F statistic. Wilks's 
lambda statistic was used as an index pf group separation. llultivarj.ate 

'v3 ^ ft 

distance measures were used to assess pain/1 se group proximity. The 'or- 
dering^' of Jthe groups in terms of distances was used to' detect **second- 
order*' misclassif icatloivs — where a student was classified into a level 
of Instruction nonadjjacent to his actual level. An attempt was 4lso 
made to sort out the best and poorest predictors. In terms of contribution 

6 
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to group separation. (See' Huberty, 1975). / 

Classification procedures were to aBsess'the predictive accuracy . ^ 



of the total set and subsets off^^^3:^l^±natOTS . oBoth *^internal" and "ex- . 
ter«ial" classification' results were considered. Results of an internal 



classification analysis are those obtained when measures for the stud^ji^s,' 
on whom the basic statistics (mean vectprs andr\covariance matrice^) were 
determined, are resubstituted to obtain the values for the classification 
rules. In an external classification analysis statistics based on one sef 
of students, are used in classifying' "net^^' students* The external cl^ssi- ^' 
fication method used in this study is^ an extensicTn of that propose^ by 
Lachenbruch (1967) • .The procedure for the Lachenbtucjj method is^s fol- 
lows: Compute the statistics for each of the possible total samples of 
size ENj^ - 1 obtained by omitting one student's vector of lE^asures from B 
the original total sample,, and record for each computation whether the 

omitted student is mlsclaSsif ied. (Wj^ = number of students in k th 

t 

criterion group.) 

The computer program used was one developed by the first author. 
This program yields linear and quadratic classification resnlts-Xboth in- 
ternal and external analyses — as well as the usual values of means*, co- 
variance matrices, distances; test statistics, and indices for discrimi- 
nation. - 

Results 

^ Means, standard deviatiior^, univariate AITOVA mean-square ratios, 
and wlthin-groups predictor intercorrelations were ^^terioined for each 
class. Tables of these values are available upon request. 

An F statistic used to^test the equality of population covariance 
matrices yielded significance (p<»05) for all four classes. T^e four 
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values^^ Wilks's lambda statistic, in ligh^ of the apparent inequality 

of covar4<fence matrices, were fairly low (.24,^.36, .33, and .15) , while 

f - . ^ 

all univariate F-values were fairly large'. ^ This information lead -us 

to believe that the criteALon groups were separated to some degree. Dis- 
tances-like measures ~ Mahalanobis values adjusted for unequal covar- 
i^nces — supported >the, ordering of the levels of . instruction. 

Since the equal covariances condition was judged untenable, a qua- 
dratic cl^slsification rMe wasji^d (see Cooley & Lohnes, 1971, p. * 
Perc^^ntar^s of correct claosif icatiori yielded. by both the* iat^nal 
ard ertqiraal apalysoa using all nine variebles are ^iven in Table I. 



— ~ — — — . 

. Insert Table 1 about here 



For the internal analysis the acroBS-groups percentage of correct 



classifications is very respectable for each class — .average percentage 

greater thaa 04. Although these percentages drop for the external 

' ft* 

analyses, the^ average percentage is still nearly 64. Separate group ^ 
inttarnal classification accuracy x^as quite high in only three levels 
was the percentage of correct classifications less than 75; level 3 of % 
class MI (72), level 3 of .class IV (67), and level 2 of class I (50). 
The separate group accuracy is^still quite high for the externali analy- 
ses on the larger groups of each class: (a) •the percentages (81;'and 34) 
for levels' 1 and 3 in class I where the group size was 57 ^ (b) thd 
percentage (71) for level 3 of class II where the ^rQup size was 41s. (c) 
the percentages (70 and 65) for levels 2 and 3 of class III and (d) 
the., percentage (76) for level 2 of class IV. 



8/ 



As fitrther evidence of the respectability of the classification re- 

"» i- 

suits of the second-order misclassif icatioirs were examined. The internal 

analysis yielded only -seven (4%) such misclassif ications, and 13 (8%) by 

the extei^l analysi-s for class^ I. For class II the corresponding misclas 

s sifications were. 2 (3%) and 9 (11%) : fxjr .class ' III the correspqnding 

misclassif ications were 0 to 1 (less than.1%); for class IV the * 

corresponding misclassif ications were 1 (1%) and 5 (4%). 

The nine variables ^ere clustered for the purpose of assessing the 

relative discriminatory power of the subsets. The placement variable ' 

(PLa4) was ^considered singly'; .the two reading variables, RVCB and RCOM, 

>;;^c>Cmprised a second cluster; the three arithmetic vairiables, ACOM, ACPT, 

y, and AAPP, comprised a third cluster ; ,ai;id the three Intelligence variables, 

LIQ, NLIQ, a^^GIQ, comprised the fourth cliisijter.. The classification 

accuracy of the various sets of variables is indicated in Tablja.2. 

Across all levels of instruction across the four classes, ^ 

external classification accuracy yielded by PLCM was about as high, 

-if ^ ... 



Insert Table 2 about here 

if not higher,, than any of the other three clusters of variables as 
well as that yielded by all t^ine variables. For classes -IJtl and IV, 
however, the arithmetic variabl^s-r^'and^ for class "III ttie intelligence 
variables^ performed about 'as Ji/ell as PLCM alone. A cluster comprised 

, . ■ ' / 

I ojE all variables except forTLCM also performed quite well for clas/es 

• ' C 

III and IV. . - 

For separate-group' external classification -ticcuracy^,\ PLGM again ^ 
performed about as weii, if not better, than ''any other cluster ^ including 




all nine variables, with two exceptions. Both exceptions were for 
groups with thT2, smallesbs frequencies: level 2 of class I and level 3 of 
class IV. * - 

TPor neither across-group nor separate-group external classification 
was there a clear cut ordering of the clusters of variables in terms 
of>relative discriminatory power. The 18 (four across-group plus 14 
separate groups), possible sets of rankings yielded a coefficient of 
concoijdance of only 0.31. Overall, however » as might be expected, ^ 
the arithmetic cluster was judged to 1>e the ,best qluater, second to 
PLCM; the reading cljuster was judged, to be the wofst. . . 

' A complete study of the rank-ordtering of the nine variables 
was not undertaken. Althougfi various ordering methods have been Used ^ 
and proposed for the linear case (Ruber ty & Smith, 1976) (i.e., with ^ 
identical underlying cova^rfl^ce structure across populations) ,i little 
work has been done for the quadra5:ic case (Lachenbi:uchj> 1975)^ One 
approach for the current ninevvariable situation wQuld be to perform^ 

analyses for 2^ - 2,« 510 proper subsets of variables^. Even \d.th the 

^ ft 
use of ''a computer it Would be very expensive to obtain complete' external 

o classification results. - ^ - ' 

> 

Discussion 



It was'encojLiraging to find tli^t the power of the nine (one teacher 
judgment,-/ three intelligence, two heading, and three arithmetic) measures 
considered in this study to discriminate grou]gs of children in different 
leveJLs/-of instruction in matemat;dLcs was respectable.^ It 'might appear ^ 
that nearly all of the important measurable attributes, of seventh and / y 
eighth grat^ tnatheinatics Students were incliii'ed. For all of the classes inv 
investigated, the teachet judgment measure (PLCM) was one of the best, if - ^ 
not' the best, predictor. Wh6n clailsiflcation was carried out with PLCM 



as the only predictor, it was found that the* internal analysis resl^ilts 
were somewhat poorer than v/hen all nine measures were used. However , 
the percentages correct classifications yielded by the external 
analysis^ using PLCH alone were about the same as those yielded^ by the 
internal, analysis, andj interestingly, a little better than the external 
results using all nine measures. - That;^ the PLCM measure turned out to 
be such a good predictor by itself^ it not surprising since the 
correlations bet\^^§^ it and' each gf the other eight measures ^/ere low 
to moderate an^ were all positive (Cochran, 1964). This- finding supports 
the conjecture of Huberty and Curry (1975) that reducing the number 
of predictors to include only the ''good" onen will increase the external 
classification accuracy. An 'implication of this reduction to a single 
predictor may be that we should have rocognized all along that teach|jr 
intuition and judgment is as good as, (if not better than, the use.^f 



multiple objective test sccTfes in making predictions about student 
performance and benefits from different levels of instruction.. In the 
absence of teacher reconmehdations for placement, a corabination of 
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Table 1 



Percentages of Correct ^Cl^ssif Icatlons 
Using All Nine Variables 



Instructional Level 



.1 



\ 



88 /.81 
(57)' 



50/06 
(18) 



95/eii 
(57) 



,89/5(i| 
(28) 



Total 

86/68 
(160) 



r II 


90/62 




88/71 


75/40 


85"/ 61 






(21) 




' (41) , 


(20) 


(82) 




Class 




.. i- I 










III 


• 100/27 


89/70 


72/65 




83/63 






(15; 


(57) 


(57) 




(129) \ ■ 




IV 


86/70 


84/76 


67/19 


93/67 


84/63- ' 






. (37) 


(49) 


(21) 


(.27) 


•(134> 

• \ ^ 




* Note. 


Internal- 


percentages 


are to left 


of tilted line. 


external to 


ri^ht . 




N- values 


are given in parentheses 
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Table 2 

'Percent ACES of Correct Classifications 
UsiNr> Various Variable Sets 



(|Xass I 



75|75 



79 
65 



53 
77 

.72 



N = 57 



00 
00 



DO 

on" 



06100 



17 



17 



Instructional. Levels ~ 
3 



J3 'OO 

N = 13 



82 



51 
56 



56 



82 



54 



51 



72 54 



95L84 
H = 57 



68 



61 



51 

'57, 



63. 



33 



57 
50 



75^57 



total 



68 68 

50i 

73T55 
N = 360 



Class II 



■Class III 



SB 36 

4; 



62 
57; 
81! 57 



93 


93 


■74 


74 


53' 


'53 


57 


I5 


• 67^ 


60 


81 


/5 


• 100 




55_ 


j61 


33 


86 


70 



19L2i 

N = 15 



N = 57 



66 
66 
66 



68 



89 
53' 
51 
II 



40-140 



57 

__Z1 
N = 4] 



60 
70 
75 
72 



8( 
51 
56 

51 
55 



N="57 



25 



20 



m 40 



55 I 35 

65 1.35 

75'' m 

N = 20 





36 


86 


53 153 


00 


00 


891 


89 




.51 


'49 


53I5I 


.24^ 


J4 


85 


85 


* 


73 


68 . 


78|75 


10' 


10 


81 


31 


Cuss-IV 


62 


59 


51 1 45 _ 


W 




- 77 


63 




78 


55 ■ 




57 


19 


- 93 


70 




^. 


IQ 




57 


•19 


93_ 


J7 




,N-37 


N = 49 


N = 


= 21 . 


« = 27 



75 


76 


51 


46 


63 


48 


61. 


i»9. 


71 


51 


35 


61 


N " 


82 


70 1 70' 


60| 


57 


70_ 




67 


64- 






83 






129 


61 


61 


54_ 




66 


65 


54 


46 


80 


63 



3[L63 
N = 134 




toE. In EAQ) CSy- tie PROPORTiaJS to T1& left are' prom niE ItlTERfJAt analysis; those TOTIIE riqht, fro^ tke 
EXTERJAL-AftALYSIS. T.lE PROP0RTICN3 FOTi TOP TO urTfTai ATG BASED ai PU^CeENT ONLY, READING VARIABLES 

m a pgr)' ari^J^ctic variau^s (ACn^•. ACPL R A,W). wteu-Igetice vARiAui^s (LIQ, MblO. S 6IQ). 

ALL VARIABLES EXCEPT llCt rtlD ALL VATIAELES, 
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